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Executive Summary

Local level actions and leadership are crucial for achieving national energy-saving or greenhouse gas
emission (GHG) reduction targets. Local level actions can also assist in proving the effectiveness of new
policies or initiatives by demonstrating them at a smaller scale. It is often also shown that innovative
policies or practices can be relatively easily implemented at the local level because of the reduced scale
and the possibility of exemption from some national legislative bureaucracy. Following success at the
local level, the pilot policies or practices could be replicated to other localities or expanded to a national
program. For example, China’s Top-1000 Enterprise Program was drawn upon the successful experience
from a demonstration program implemented in two steel mills in Shandong province that was modeled
after the voluntary agreements program in The Netherlands (Price et al. 2003).

In developed countries, state and local level initiatives have proven to be very successful in transforming
markets by engaging businesses and educating citizens. In the US, many states, cities and counties have
forged ahead with dedicated funding and strategic policies to promote energy efficiency and renewable
energy. California -- one of the best examples has set ambitious energy efficiency and GHG emission
reduction targets and has implemented stringent, innovative policies and actions to improve energy
efficiency and reduce emissions. This led California’s per capita electricity consumption to be 40% less
than the average per capita electricity use in the U.S. California’s experiences have often been replicated
or echoed in other states, and some of the policies eventually became national regulations. Many
federal appliance standards today are the direct result of such state leadership (REEEP 2010). In addition,
the experience also demonstrates that the adoption of a comprehensive energy and climate plan can
stimulate the local economy, create green jobs in renewable energy industries, as well as produce new
revenue (Roland-Holst 2008).

Even so, it is challenging to initiate and implement new policies and actions at the local level due to a
lack of information, funding, and capacity. This is particularly the case in China. Even though national
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energy intensity and carbon intensity targets have been set, most local governments do not have the
knowledge regarding what they could do to achieve these goals, the cost-effectiveness of policies, the
possible impact of policies, or how to design and implement a climate action plan.

This report aims to provide a manual with a menu of the successful policies and measures for local
governments in China to create low carbon plan or climate action plans. This manual includes a
comprehensive list of successful policies and best practices. This report does not intend to provide
independent evaluation or analysis of the GHG emission reduction or cost-effectiveness of each policy,
but rather to provide the climate action plan guide and policy based on existing literature, documents
and reports.

This report consists of three parts. The first section is designed as a manual to help local governments
create an action plan to tackle climate change and to increase energy efficiency. It provides a simple
step-by-step description of how the action plans could be established and the essential elements to be
included in a plan, from preparing a GHG emission inventory to implementation of the plan. Examples
from the successful network of Local Governments for Sustainability (ICLEI) are introduced, and the
experience and methodology in developing local climate action plans, along with the tools developed to
assist such activities, are provided as reference.

The second section of this report provides information on policies and actions to achieve low carbon
growth in the following sectors: Cross-cutting (not focused on a specific end-use sector), Industry,
Buildings, Transportation, Power, Agriculture and Forestry. For each policy or action identified in each
sector, the following information is included, where available:

e Description

e Performance metric

e  GHG emission reduction potential

e Cost-effectiveness

The policies draw on international examples, including both national and state or provincial level
measures. Chinese approaches are also included if they are considered to be successful or innovative.
The third section of this report is a matrix that summarizes all the successful policies and measures
identified in the first section, providing users with a menu of options so that they can easily compare
options and make choices sector by sector.

Key findings can be summarized as follows:

Scope and Indicators

This study focuses on carbon, and defines a Low-Carbon city as a city that is actively and significantly
lowering carbon emissions, even as its economy is maturing. Therefore the report gives guidance on the
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reduction of the two main carbon-based GHGs: carbon dioxide (CO,) and methane (CH,).! The CO,
emissions are primarily from energy consumption of fossil fuels, as well as from non-energy industrial
processes (like cement production), and forest loss. Methane emissions arise from agriculture
(especially rice production), animal husbandry, other land use, industry (e.g., coal-bed methane), and
waste decomposition.

Indicators are used to define a low carbon city, to help cities explore the gaps and potential for carbon
saving, to evaluate progress in implementing low-carbon development actions, and to compare or
benchmark across cities. Key indicators identified in this guidance document include:

= Aggregated and mixed indicators, such as energy or carbon intensity of the economy, i.e.,
overall energy or CO, per unit GDP

= Aggregated relative indicators, such as energy or CO, per capita or per land area

= Structural indicators, such as the sectoral shares of energy and GDP

= Residential and commercial sector indicators, such as energy or CO, per floor area or per person;
and percent compliance with building efficiency codes

= [Industrial sector indicators, such as physical efficiency (energy or carbon per ton of product);
and economic energy or carbon intensity (energy per unit value-added)

=  Power sector indicators, such as CO, per kWh generated; and share of renewables in electricity
supply

= Transportation sector indicators, such as primary energy or CO, per person-kilometer traveled;
urban density; public transit use; and kilometers of public transit per 100,000 population

= Land Use and Waste Management indicators, such as area share of mixed—use zoning
(residential and commercial); area share of green space and agricultural land; waste generated
per capita; and recycling rate of waste.

=  Economic and Social Indicators, such as share of green jobs; income distribution and income per
capita; and housing affordability.

Two indicator systems have also been developed for evaluation of the performance of low carbon
provinces and cities, and the evaluation of the effort taken by local government toward achieving low
carbon province/city status. The Indicator System for Low Carbon Province/City Development is sector-
level, end-use based, and is measurable and comparable. It can also be used for benchmarking and
tracking progress (Table ES-1).

! Note that a comprehensive emissions inventory would include all six greenhouse gasses recognized under the
Kyoto Protocol: CO,, CH,4, N,O (from fertilizers and manure), SF¢ (from electrical systems, magnesium production),

HFCs (refrigeration, semiconductor manufacturing, aluminum smelting), and PFCs (aluminum and semiconductor
production).

ES-3



Table ES-1 The Indicator System Proposed for Low Carbon Province /City Development

Essential Indicators Major indicators
Aggregated indicators e Primary energy per unit
GDP

e (O, per unit GDP
e Primary energy per capita
e (O, per capita

LBNL low carbon city indicator

Indexed and weighted

Power Sector e CO, per kWh generated e  Share of renewable in electricity supply (%)
e  Thermal power plant efficiency (gce/kWh)

Industrial Sector e Final energy per unit e  Physical efficiency (energy per ton of product) in
industrial value added industrial subsectors, e.g., iron & steel, cement,
aluminum, ammonia.

Commercial Sector | e Final energy per e  Compliance with building efficiency codes (%)
commercial floor area e Registered and certified LEED buildings (m?/total m?)
(recommended) e Green buildings or other certification (m*/total m?%)
e Final energy /employee e Installed capacity of integrated renewable or CHP in
buildings/m’

e  Space heating intensity (MJ/mz-HDD)

Residential Sector e Final energy /capita e  Compliance with building efficiency codes (%)
e  Registered and certified LEED buildings (mz/total mz)

(%]

§ e  Green buildings or other certification (mz/total mz)

g e  Space heating intensity (MJ/mz-HDD)

c

© Transportation e Final energy/capita e  Passenger energy or CO, per person-kilometer(MJ/p-km,
% Sector or ton of CO, /p-km)

wv

. Freight final energy /ton-kilometer traveled (MJ/t-km, or
ton of CO, /t-km)

e  Share of alternative fueled (hybrid, CNG, EV, NG) vehicles
of the total vehicle fleet (government and private, buses,
cars, trucks) (%)

e  Public transit use (number of public transit trips per

capita)
e  Kilometers of public transit per 100,000 population
(km/capita)
Land Use and e Volume of waste e  Area share of mixed—use zoning (residential and
Waste disposed-landfill/capita commercial) (%)
Management e  Area share of green space and agricultural land (%)

e  Composting/capita (t/capita)

The Indicators System for Low Carbon Management could be used to evaluate the actions and effort the
cities are taking /have taken to achieve a low carbon society (Table ES- 2). The local government can also
use the system to identify gaps and potentials at both aggregated level and in difference sectors and
take actions accordingly.
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Table ES- 2 Indicator System for Low Carbon Management

Category Description Metrics
Establish a mid-long term low carbon development plan (Y/N)
Planning and Complete a carbon emissions inventory (Y/N)
Management Establish a measuring and reporting system for carbon emissions for Key Energy- (Y/N)
Consuming Enterprises
Establish energy-saving and carbon/CO, emission reduction (Y/N) (If Y, provide
targets for power sector target values)
Target -
. . - (Y/N) (If Y, provide
Establish target for share of renewables in electricity supply
target value)
standard Compare coal consumption for power supply between local (provide value)
andar
Low-Carbon average level to national advanced level
Energy Supply Implementation of efficiency dispatch (Y/N)
Management Punitive power pricing for energy intensive industries (Y/N)
Differential pricing (inclining block rates) for residential (Y/N)
electricity use
: DSM, EPP demonstration projects (implementation of DSM (Y/N)
Demonstration .
regulation)
S Establish energy-saving and carbon emission reduction targets | (Y/N) (If Y, provide
arge
2 for industry sector target values)
Implementation of minimum energy use standards for 22 (Y/N)
energy-intensive products in key enterprises
Adoption and implementation of energy efficiency reach (Y/N)
standards
Standard -
Add another one: Implementation of energy management (Y/N)
standards (e.g. ISO 50001)
Enforcement of energy-efficiency standards for industrial (Y/N)(If Y, provide
equipment compliance rate)
Low Carbon Incentive Enfargy—saving incentives for enterprises (energy-saving per (Y/N) (If Y, provide
unit) value)
Industry
. . (audited plants/
Implementation of energy audits
total plants)
Energy-efficiency benchmarking/compare energy use per unit (provide values)
Management and comprehensive energy use of main products to advanced
levels in the same sector
Energy-use reporting systems for key energy-consuming (Y/N)
enterprises
Pilots/demonstration of manufacturing energy efficiency (Y/N)
. labeling programs such as Energy Efficiency Star
Demonstration - -
Pilots to introduce the use of energy managers and energy (Y/N)
management systems
Establish target for implementation level of residential building | (Y/N) (If Y, provide
codes target level)
Establish target for energy consumption per m? of public (Y/N) (If Y, provide
Low Carbon Target o
. buildings target level)
Buildings . L . . .
Establish target for energy use per capita in residential (Y/N) (If Y, provide
buildings target level)
Standard Level of energy-saving building standards (% improvement)
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Enforcement of building energy codes

(Y/N) (If Y, provide
compliance rate)

Incentive

Incentives for green buildings/low energy buildings

(Y/N) (If Y, provide
value)

Incentives for ESCOs in building energy conservation

(Y/N) (If Y, provide
value)

Incentive to increase market share of energy-efficient
appliances

(e.g., government
procurement,
cooperative
procurement) (Y/N)
(If Y, provide value)

Demonstration

Demonstration of green, LEED, or other certified buildings

(Y/N) (If Y, provide
m?/total buildings
mz)

Low Carbon
Transport

Establish targets for energy-savings and GHG emissions
reduction for transport sector

(Y/N) (If Y, provide
target values)

(Y/N) (If Y, provide

Target Establish target for share of public transport target level)
Establish target for share of non-motor vehicle (Y/N) (If Y, provide
target level)
Establish target for MRT (such as BRT and railway transport) (Y/N) (IfY, provide
target level)
Adoption and implementation of reach standard for fuel (Y/N)
economy and GHGs emissions for newly sold vehicles
Enforcement of policy controlling for small-sized vehicles in (Y/N)
Standard cities
Adoption of urban planning/construction standards (Y/N)
encouraging resource conservation and low-carbon
development
Incentives for new-energy vehicles, clean and small-sized (Y/N)
Incentives vehicles
Incentive policies for public transport and non-motor vehicles (Y/N)
Demonstration of new energy vehicles (Y/N)
Demonstration Dedicated transport infrastructure for city pedestrian and non- | (Y/N)(If Y, provide
motor vehicles (e.g., bike lanes) km/capita)

Agriculture,

Establish target for percentage of forest coverage city green
space

(Y/N) (If Y, provide
target value)

Establish target for utilization of biogas

(Y/N)(If Y, provide

target level)

Target
Forestry and Establish target for recycling rate of municipal wastes (Y/N%)(If Y, provide
Land Use target level)
Y/N%)(If Y, provide
Establish target for composing rate (Y/N%)( P
target level)
Management Agriculture emission reduction actions (Y/N)
Demonstration projects of key low carbon technologies (# of projects)
Low Carbon
Technology Share of investment in R&D of low carbon technologies (%)
Incentive policies on application of low carbon technologies (Y/N)
Supporting Carbon tax or fossil-fuel energy consumption tax (Y/N)
Measures Carbon emission permit trading (Y/N)
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Creation of a Low-Carbon Development Plan

This report identifies essential steps that are commonly used in the creation of a low-carbon
development plan:

1. Leadership Commitment
The first essential step is commitment by the city’s leadership. With the city’s attention turned to
low-carbon development, and sufficient staff and time and resources committed to the effort, the
city can successfully develop and implement its low-carbon plan.

2. Conduct Energy and Carbon Emissions Inventory
a. Identify Main Sources of Energy and Carbon
b. Identify Options for Energy and Carbon Savings (rough analysis)

Emission Sources. Two main carbon emission sources are carbon dioxide (CO,) and methane (CH,).
CO, emissions are primarily from energy consumption of fossil fuels, as well as from non-energy
industrial processes (e.g. cement production), and forest loss. Methane arises from agriculture
(especially rice production), animal husbandry, other land use, industry (e.g. coal-bed methane), and
waste decomposition.

Emissions Inventory. An emissions inventory is a best estimate of emissions from activities in the city
or province — not a precise measurement. The emissions inventory covers sources of carbon dioxide
and methane from the following sectors: Electric Power, Industrial, Residential, Commercial,
Transportation, Land Management (Agriculture and other Land Use, rural and urban), and Waste.
Scope of the Inventory. Since some emission-generating activities may cross city boundaries, it is
important to clearly define the scope of the emissions inventory, to know what emissions get
counted by the city. Internationally-recognized inventory protocols have defined three emission
scopes: (1) direct, (2) indirect, and (3) associated emissions. Table ES-3 explains what emissions are
counted under each scope.

Data Needs. City staff preparing the carbon emissions inventory must work with the local and
provincial statistical bureau, with utilities supplying electricity to the city, with transportation and
waste agencies, as well as enterprises. The basic emission sources and data needed are summarized
in Table ES-4. The energy and other data on emission sources and activities, combined with
emission factors, yield a GHG emissions inventory.
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Table ES- 3 GHG Emissions Inventory Scope

Emissions Scope Scope Acitivities
Scope 1: Direct Emissions: =  Direct Energy Consumption within the City (fuel for Industry,
Generated Within City Boundaries Heating, Cooling, Electricity generation, Infrastructure, etc.)

= Transportation within the City

=  Land Use and Waste Management within the City

Scope 2: Indirect Emissions: Due to Activities =  Import of Electricity and Heating used in the City
Within City Boundaries, Generated Outside City

Boundaries

Scope 3: Associated Emissions: Due to City =  Intra-regional Transportation

Activities, Occuring Across or Outside City = City Waste in Landfills outside the City
Boundaries

Source: Clean Air-Cool Planet 2010.

Table ES- 4 Data Needs for a Greenhouse Gas Emissions Inventory

Sector Data on emission sources

Building floor space and type

Electric Power Energy mix and amount of generation: kWh from coal, natural gas, oil, hydro, wind, solar,
nuclear, etc.

Industrial Electricity and fuel (natural gas, coal, heat, others) consumption

Residential Electricity and fuel (natural gas, coal, heat, others) consumption

Commercial Electricity and fuel (natural gas, coal, heat, others) consumption
Building floor space and type

Transportation Electricity and fuel (gasoline, diesel, others) consumption

Vehicle Efficiencies (Fuel Economy) for each mode
Vehicle Miles Traveled (VMT) on local roads, for each mode
VMT on highways (related to the jurisdiction)

Mix of Transport Modes (feet, bicycle, motorbike, bus, light rail, train, auto, truck)

Land Use Hectares of food production, by type (rice, wheat, etc.)
Numbers of cattle, pigs, horses
Hectares of Forest cover (existing, removed, added)

Waste Total landfill waste (tonnes)

land-cover materials)

Typical composition of waste (organic matter, plastics and other non-degradable material,

3. Set Targets

a. Forecast Energy, Carbon, and GDP under different Scenarios (Business-As-Usual, Savings

Scenario)
b. Set Targets Based on Scenario Forecasts

c. Iftimeis available, Set Targets based on detailed analysis of Potential Savings, Policies and

Measures (see next step)

Target setting involves establishing the type of target and the target value. Targets need to be
measurable and reportable, so that progress toward goals can be tracked. A physical target is

preferable—such as CO, emissions, or energy use, or amount of wind energy—because it can be
measured and has a direct influence on the health of the city and province. Economic targets are
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important, too. The target value is set by projecting energy and carbon in scenario analysis (Business-

As-Usual Scenario, and Savings Scenario), and evaluating the impact of potential policies.

4. Create a Low-Carbon Development Plan (Climate Action Plan + Low-Carbon Economic Plan), with
Policies and Actions to Meet Targets

a.

Analyze and select Policies and Actions (detailed analysis, including co-benefits, costs, and
savings)

Clearly state the goals for each action and how progress will be measured

Choose Policy Mechanisms (Action Plan) to help meet targets

Determine savings potential from the policies, which will depend on each province’s
situation (e.g., baseline inventory, mix of efficiencies in building stock, etc.)

Determine costs of the measures, which will depend on each province’s situation (e.g.,
energy pricing, renewable energy resources), as well as a typical unit cost

How can a city choose which policies it needs to meet its Target? First conduct a rough review of

potential policies and actions, qualitatively considering estimates of savings and costs. Next, choose a

shorter list of actions for detailed, quantitative analysis. Closely connect the actions to the emissions

inventory and scenarios, addressing each sector of the economy. Also consider input from research

institutes, the community, businesses, and government officials.

5. Implement Policies and Actions

a.

b
c.
d

Identify and allocate responsibility

Set aside funding for implementation

Set timetables

Support policies with incentives, penalties, training and public outreach

6. Monitor, Report and Verify Progress
Progress must be tracked with monitoring, including reporting and verification. Reporting on

intensity must include data on energy, data on carbon, and data on economic activity, to verify the

resulting intensity number. Public reporting of data, along with progress toward goals, focuses

attention and effort from government, enterprises, and the public, and helps to achieve the targets.

City government websites are an effective means for publicly tracking progress on energy, carbon,

and low-carbon economic development.

The guidance here focuses on the city level; similar steps can be undertaken at every level, from

enterprise, to city, province, and country.
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Policies and Actions to Achieve Low Carbon Growth

Because the heart of a low-carbon development plan is its actions, the guidance developed for Chinese
cities also provides a menu of pertinent policy options and performance indicators. To assist local
governments in prioritizing actions, the guidebook includes an estimate of each policy’s potential for
energy and carbon savings (the policy impact) and the relative implementation cost. Because energy
and economic structures vary from city to city, the impact of the policies and associated costs also vary;
each city needs to evaluate its particular circumstances in order to determine priorities and select the
most cost-effective policies. Nevertheless, to assist local governments, each policy in is categorized into
“High, “Medium” and “Low” in terms of potential energy and carbon savings, and in terms of
implementation costs.

This guidebook includes policies and actions for low-carbon development in the following sectors:
industry, buildings, transportation, power, agriculture and forestry, as well as cross-cutting policies (not
focused on a specific end-use sector). Examples of such policy categories and their significance in the
buildings industry, transportation, and power sectors are provided in Tables ES-5 through ES-8, and
Figures ES-1 through ES-4, respectively. These tables and figures represent only a selection of the policy
options examined in this guidebook. A quantitative cost-benefit analysis of policies would further
facilitate policy prioritization and implementation by local governments, but such an analysis was
beyond the scope of the current effort. The more detailed analysis also requires more public datasets
and survey results.
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Table ES- 5 Examples of Policies and Programs for Building Sector

Policy/Program Identification

Cost and Impact

i . . GHGs Reduction by 2020 Cost
Policy Option Performance Metric
High Med Low High Med Low
Targets
Targets for new buildings inspection and evaluation on compliance level both at design X X
phase and construction phase
Targets for existing building retrofit m? retrofitted X X
Voluntary and negotiated agreements target achievement X
Standards
Building Standards X
National level of the building codes; level of compliance X
Leading level of the building codes; level of compliance X X
Appliance Standards
National level of the standard; level of compliance X X
Leading level of the standard; level of compliance X
Certification, Labels, and Voluntary Programs
Buildings X X
Categorical labels coverage; compliance X
Endorsement label coverage; compliance X X
Appliance Labels
Categorical labels/information label level of compliance; product grade market shift X X
Voluntary endorsement label level of compliance; product grade market shift X X
Energy Management
Energy reduction in existing buildings and quotas coverage; compliance X X
EE Technology/Measure Promotion
Subsidies for purchase of the technology increased investment in energy-efficient equipment X X
Subsidies for new building design and construction beyond codes X X
Subsidies for building energy efficiency retrofit retrofitted area X X
Tax credit and other Tax incentives for EE technologies increased sales of energy-efficient technologies X X X
Setting technology dissemination goals MW installed
Co-operative procurement coverage; compliance rate X X
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Policy/Program Identification Cost and Impact

. . X GHGs Reduction by 2020  (Cost
Policy Option Performance Metric

High Med Low High Med Low

Zoning area coverage of zoning regulation; stringency of requirements | X

Government leadership in demonstrate new technologies or practices coverage; compliance X X X

Government procurement whether the information is clear and accessible, compliance X X
level (US20%)

total energy savings; Cost and Benefit ratios of programs/ X X
projects funded by public benefits charge

Mandatory audits number of audits conducted X X

Survey and database website, brochures for energy consumption of the product or X X

buildings
Benchmarking database establishment; accessibility of the tool or database X X
Awareness raising, education/information campaign X X

| |

ettt oo | x| | [x | |

ettt |

.2 E S A A L B
| |

Detailed billing or energy consumption data and disclosure programs data availability ----H

stringency of cap; coverage
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ES-6: Examples of Policies and Programs for Industry Sector

Policy/Program Identification

Cost and Impact

GHGs Reduction by COST
Policy Option Performance Metric 2020
Hi Med | Lo Hi Med | Lo
Targets
Voluntary Commitments - Enterprises average savings per participating enterprise; # of enterprises with targets; # of X X
enterprises that meet or surpassed targets
Voluntary Commitments - Energy-Saving and GHG achieved savings/emissions reductions X X
Emission Reduction Sector Targets
Negotiated Agreements - Enterprise or Sector Level average savings per participating enterprise; # of enterprises with targets; # of X X
enterprises that meet or surpassed targets
Mandatory Targets - Enterprises average savings per participating enterprise; # of enterprises with targets; # of X X
enterprises that meet or surpassed targets
Standards
Product Standards Energy saved and/or CO, emissions reduced annually X
System Assessment Standards Energy saved and/or CO, emissions reduced annually X X
Process or Performance-Based Standards: Equipment Cement sector reaches "advanced minimum"; Steel sector reaches "advanced X X
Energy Efficiency Performance Standards minimum"
Process or Performance-Based Standards: Small Plant final/primary energy saved per t cement; final/primary energy saved per t iron; X X
Closures final/primary energy saved per t steel; electricity saved per kWh; final/primary energy
saved per t paper; final/primary energy saved per t aluminum
Energy Management Standards information on standards disseminated to industry; standards adopted X X
Fiscal/Financial Instruments
Energy or CO, Taxes benefit net of costs per ton CO, saved X X
Grants and Subsidies Energy saved and/or CO, emissions reduced per unit of funding provided X
Energy Efficiency Loans and Innovative Funding Energy saved and/or CO, emissions reduced per unit of funding provided X
Mechanisms
Tax Relief Energy saved and/or CO, emissions reduced X
Electricity Price Variation X
Incentives/Rewards Energy saved and/or CO, emissions reduced X X
Energy Auditing
Large-Scale Enterprises # energy audits conducted; typical savings identified/audit X X
Small and Medium Enterprises # energy audits conducted; typical savings identified/audit X X
Benchmarking
Enterprise Level # enterprises undertaking benchmarking; energy saved and/or CO, emissions reduced X X
as a result of benchmarking
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Information Dissemination | | X | | X |
ES-7: Example of Policies and Programs for Transport Sector
Policy/Program Identification Cost and Impact
GHGs Reduction by 2020 Cost
Policy Performance Metric
Hi Med Lo | N/A Hi Med Lo N/A
Targets
Target setting for transport sector CO, emissions target for transport sector X X
Standards
Fuel Economy Standards Level of standard X
CO, Emission Standard CO, emitted per distance traveled, compliance rates X
Low Carbon Fuel Standard % reduction in fuel carbon intensity relative to baseline X X
Expand Public Transportation
Low fares and simplified payment method X X
Improved route coverage and quality of service Public transit share of total transportation activity, bus loads X X
Rebate and subsidy programs (passengers/hour/direction), fuel economy and emission X X
Bus Rapid Transit (BRT) intensity of buses X
Hybrid Bus X X
Urban Light Rail Transit
Building/expanding light rail transit system Total distance, share of total transportation activity X X
Promoting Non-Motorized Transport
Urban design to promote bicycle use (bike lanes, separate pedestrian X X
and bike areas, bike parking options) Share of bicycle lanes or paths of total road area, total length
Pilot demonstration and rental programs for bicycles of pedestrian walkways, bicycling/walking as share of total X X
Urban design to promote pedestrian activity (line sidewalks with transportation activity
retail/benches/shading/lighting, shorten block lengths) X X
Fiscal Policies
Fuel Pricing or Taxes Scope and coverage, level of tax X X
Congestion Charges (tolls, electronic road pricing) Reduction in traffic in target zone, modal shift to public X X
transport, annual reduction in car mileage
EE Technology/Behavior Measures
Green Vebhicles (Taxis, fleet cars) Share of green vehicles in fleet
Education and Awareness on Driving Techniques Participants in training programs, reduction in fuel use
Transportation Demand Reduction through Technology (telecommute, | Use of online services, % employees or share of time X X
online services) telecommuting
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Table ES-8: Examples of Policies and Programs for Power Sector

Policy/Program Identification

Cost and Impact

Policy Performance Metric GHGs Reduction by 2020 Cost
High | Med | Low N/A High | Med | Low |N/A
Targets
Renewable and Non-Fossil Targets and Utility Quota Installed capacity by technology, share of total installed capacity/power X
Obligations generation/primary or final energy consumption
Economic/Financial Instruments
Feed-in Tariffs Level of the tariff in currency per kWh or MWh, duration of tariff, X X
subsequent addition of renewable power to the grid
Power Purchasing Agreements Scale of generation, contract price, length of time of contract X X
Renewable Energy Certificates Volume of RECs sold, price of RECs, number of sellers X X
Generation Policies
Mandatory closure of inefficient coal-fired plants and Capacity closed and/or upgraded X X
upgrading
Generator efficiency or emission standards Average thermal efficiency of coal-fired units, emissions intensity X X
Generation Dispatch Policies Order or basis of dispatch rule X X
Fiscal Incentives
Investment subsidies X X
Tax Incentives X X
Investment tax incentive X X
Property tax reduction Size and use of tax incentives, capital investment in renewable energy X X
Value-added tax reduction industries, production capacity and generation output X X
Excise (Sales) tax reduction X X
Import Duty Reduction X X
Energy Production Credits X X
Electricity Pricing Reform
Inclining Block Pricing Reduction in energy demand after implementation, level of block rates X X
and allowable consumption under each block
Time of Use/Critical Peak/Real-time Pricing
Reduction in electricity consumption during peak periods, peak load rate X X
Demand Side Management: Energy Efficiency
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Financial incentives for modifying behavior or usage

Energy efficiency performance contracts

Educational campaigns

Developing suppliers or end-use energy products and
services

Utility expenditures and impact on monthly utility bills, benefit-cost ratio,
levelized cost, discounted payback

Demand Side Management: Incentive-Based
Programs

Load curtailment incentives

Curtailable or interruptible rates

Direct load control of equipment

Ancillary services programs with bidding

Capacity market programs

Demand bidding or buy-back programs

Peak demand reduction, aggregate load reduction

X | X | X | X

X | X | X | X | X | X
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Figure ES-1 Cost and Saving of Energy Efficiency Policies in Buildings and Appliances
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Figure ES-2 Cost and Saving of Energy Efficiency Policies in the Industry Sector
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Figure ES-3 Cost and Saving of Energy Efficiency Policies in the Transport Sector

Note: Boxes with dashed red border represent policies with impacts and/or costs with uncertainties and

difficult to quantify.
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Figure ES-4 Cost and Saving of Energy Efficiency Policies in the Power Sector

Note: Boxes with dashed red border represent policies with impacts and/or costs with uncertainties and
difficult to quantify.
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Figure ES-5 offers another method for measuring and comparing local level actions: benchmarking.
Benchmarking can be used to compare the achievements of different enterprises, cities, or provinces in
response to a policy or program. For example, a program to ensure achievement of the minimum
energy-intensity standards for industry could evaluate the potential savings from achievement of the
standards, could identify the current efficiency levels of specific enterprises, cities or provinces, and
could track progress toward reaching the standards through benchmarking. Figure ES-5 illustrates a
method for comparing the level of achievement of the cement energy-intensity standards by province.
Local governments can utilize the benchmarking to see their achievement in comparison with other
provinces. The central government can use this type of benchmarking to identify which provinces need
the most assistance in achieving the standards. The benchmarking also compares the stringency of
Chinese efficiency standards to international best practices, which can inform “reach” targets for greater
energy and carbon savings.

Energy Consumption per Ton of Clinker (kgce/t clinker) in 2007

250

200

MEPS <145 kgce/t of clinker
for exsiting plants <1000 t/d
MEPS <139 kgce/t of clinker
for exsiting plants 1000~2000 t/d
MEPS <134 kgce/t of clinker
for exsiting plants 2000~4000 t/d
MEPS <128 kgce/t of clinker
for exsiting plants > 4000t/d

150

World Best Practice

100

50

Figure ES-5: Benchmarking Energy Intensity of Cement Clinker Production in China

Two excerpts are presented below to illustrate the policy information provided in this low carbon
development guidebook. The first is an example of industrial sector policy experience for energy and
carbon saving: energy management standards. The second is an example for the building sector: public
sector leadership. Both of these policy examples are particularly pertinent for local government in China,
where energy management standards are under development and action in government buildings and
facilities has not yet been tapped.
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Industrial Sector Policy Example: Energy Management Standards
Policy Description

Energy management standards are used to institutionalize continuous improvement in energy efficiency
within industrial facilities. These standards are typically based on the “plan-do-check-act” approach with
the goal of providing guidance to industrial facility managers related to how to structure their
operations in a manner that continually identifies, adopts, and documents energy-efficiency
opportunities. Energy management standards have been adopted in China, Denmark, Ireland, Japan,
South Korea, the Netherlands, Sweden, Thailand, and the United States. While most of these standards
include key elements such as establishing a management-appointed energy coordinator and developing
an energy management plan, they are not uniform in their adoption of elements such as external
validation or certification of claimed energy savings or the intervals for re-evaluating performance
targets (Price and McKane 2009). To provide more standardized guidance for energy management
systems, the International Standardization Organization (ISO) recently published “ISO 50001: Energy
management systems — Requirements with guidance for use” (Pifiero 2009). This standard will:

e Assist organizations in making better use of their existing energy-consuming assets

e Offer guidance on benchmarking, measuring, documenting, and reporting energy intensity
improvements and their projected impact on reductions in GHG emissions

e Create transparency and facilitate communication on the management of energy

¢ Promote energy management best practices and reinforce good energy management behavior

e Assist facilities in evaluating and prioritizing the use of new energy-efficient technologies

e Provide a framework for promoting energy efficiency throughout the supply chain

e Facilitate energy management improvements through GHG emission reduction projects

¢ Allow integration with other organization management systems (environment, health and
safety).

Performance Indicator

The performance indicator for energy management standards is their level of adoption, as well as
estimated efficiency improvement.

GHG Emission Reduction Potential

Participants in the Energy Agreement Programme (EAP) in Ireland are required to obtain and implement
the certificate of the Irish Energy Management System 1S393 to maximize energy-efficiency gains. As of
2008, 28 companies were certified with 1IS393. EAP member companies reported energy efficiency gains
of 8% in 2007 and 6% in 2008 (SEI & LEIN 2009).

Cost-Effectiveness

Experience with implementation of energy management standards at two facilities in the U.S. indicated
cost-effective savings of 5% and 14%, respectively. It is estimated that energy management standards
will result in approximately 10% cost-effective annual energy savings over 15 years (McKane 2010).
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Building Sector Policy Example: Public Sector Leadership
Policy Description

The public, or government, sector can play an important role in demonstrating new energy-efficient
technologies or practices by setting more ambitious goals or targets for its buildings. This approach is
used by local governments in the U.S. to demonstrate the feasibility and benefits of energy efficiency
and renewable energy standards. States that have had difficulty implementing more stringent codes
often adopt the standards for public buildings as a manageable first step. Experiences gained and
lessons learned can then be shared with other building owners to promote the adoption of the codes
statewide. New York City is implementing strategies to improve the energy performance of its own
buildings and fleets by 30% over the next decades (REEEP et al. 2010). California’s Green Building
Executive Order S-20-04 also sets an ambitious 2015 goal of reducing energy use in public buildings by
20% of 2003 levels. New Mexico’ Executive Order 2007-053 set a goal for all state agencies to reduce
their buildings’ operational energy intensity (per square foot) by 20% below the 2005 level by 2015. The
U.S. also passed a law requiring new federal buildings to be designed with 30% greater efficiency than
building code requirements. China’s policy on Energy Management of Government Office Buildings and
Large-Scale Public Buildings also calls for energy intensity reductions of 20% between 2006 and 2010
(Price et al. 2011).

Funding Sources

Funding for these types of activities comes from the government budget, grants, private foundations,
utility programs and energy performance contracts.

Performance Metric

The performance metric for public sector leadership is meeting the program’s stated goal or target, such
as a given % reduction in energy intensity or CO, emissions.

GHG Emission Reduction Potential

Public sector leadership can result in high GHG emission reductions. For example, Germany achieved a
25% reduction in CO, emissions in the public sector over 15 years (IPCC 2007).

Cost Effectiveness

Public sector leadership can be highly cost-effective. In the U.S., it has been estimated that $4 savings
are realized per $1 of public investment (IPCC 2007). The New York Municipal Building Code estimates
that $2.3 billion over 9 years will be required to achieve its 1.68 million ton of emission reduction target.
The cost for the upgrade of public buildings averages 1.5% of construction cost, and the energy
upgrades pay for themselves on average in seven years (REEEP et al. 2010).
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To date, the findings from this research have been presented in multiple workshops organized by
China’s central government as part of their low-carbon cities pilot project, as well as in training
workshops for approximately 40 city mayors and practitioners in China. The participants were especially
interested in the steps for development of a low-carbon plan and the policy matrix. As a next step, the
guidebook will be piloted in cities and will be refined based on feedback received from users. Work on
the indicator systems is underway and still must be reviewed by local governments; thus it is still too
early to say which indicators are the most useful and relevant to local governments. Based on the
feedback and experience, the guidebook can be further improved and tailored to the Chinese situation
and be used by as many cities as possible in order to assist both the achievement of the carbon intensity
goal and to ensure the successful implementation of the low-carbon city program.
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A Guidebook for Low-Carbon Development at the Local Level

Nan Zhou, Lynn Price, Stephanie Ohshita, and Nina Zheng
China Energy Group
Environmental Energy Technologies Division
Lawrence Berkeley National Laboratory

Hu Min
The China Sustainable Energy Program
The Energy Foundation

1. Introduction

Local level actions and leadership are crucial for achieving national energy-saving or greenhouse gas
emission (GHG) reduction targets. Local level actions can also assist in proving the effectiveness of new
policies or initiatives by demonstrating them at a smaller scale. It is often also shown that innovative
policies or practices can be relatively easily implemented at the local level because of the reduced scale
and the possibility of exemption from some national legislative bureaucracy. Following success at the
local level, the pilot policies or practices could be replicated to other localities or expanded to a national
program. For example, China’s Top-1000 Enterprise Program was drawn upon the successful experience
from a demonstration program implemented in two steel mills in Shandong province that was modeled
after the voluntary agreements program in The Netherlands (Price et al. 2003).

In developed countries, state and local level initiatives have proven to be very successful in transforming
markets by engaging businesses and educating citizens. In the US, many states, cities and counties have
forged ahead with dedicated funding and strategic policies to promote energy efficiency and renewable
energy. California -- one of the best examples has set ambitious energy efficiency and GHG emission
reduction targets and has implemented stringent, innovative policies and actions to improve energy
efficiency and reduce emissions. This led California’s per capita electricity consumption to be 40% less
than the average per capita electricity use in the U.S. California’s experiences have often been replicated
or echoed in other states, and some of the policies eventually became national regulations. Many
federal appliance standards today are the direct result of such state leadership (REEEP 2010). In addition,
the experience also demonstrates that the adoption of a comprehensive energy and climate plan can
stimulate the local economy, create green jobs in renewable energy industries, as well as produce new
revenue (Roland-Holst 2008).

Even so, it is challenging to initiate and implement new policies and actions at the local level due to a
lack of information, funding, and capacity. This is particularly the case in China. Even though national
energy intensity and carbon intensity targets have been set, most local governments do not have the



knowledge regarding what they could do to achieve these goals, the cost-effectiveness of policies, the
possible impact of policies, or how to design and implement a climate action plan.

This report aims to provide a manual with a menu of the successful policies and measures for local
governments in China to create low carbon plan or climate action plans. This manual includes a
comprehensive list of successful policies and best practices. This report does not intend to provide
independent evaluation or analysis of the GHG emission reduction or cost-effectiveness of each policy,
but rather to provide the climate action plan guide and policy based on existing literature, documents
and reports.

This report consists of three parts. The first section is designed as a manual to help local governments
create an action plan to tackle climate change and to increase energy efficiency. It provides a simple
step-by-step description of how the action plans could be established and the essential elements to be
included in a plan from preparing a GHG emission inventory to implementation of the plan. Examples
from the successful network of Local Governments for Sustainability (ICLEI) are introduced, and the
experience and methodology in developing local climate action plans, along with the tools developed to
assist such activities, are provided as reference.

The second section of this report provides information on policies and actions to achieve low carbon
growth in the following sectors: Cross-cutting (not focused on a specific end-use sector), Industry,
Buildings, Transportation, Power, Agriculture and Forestry. For each policy or action identified in each
sector, the following information is included, where available:

e Description

e Performance metric

e GHG emission reduction potential

e Cost-effectiveness

The policies draw on international examples, including both national and state or provincial level
measures. Chinese approaches are also included if they are considered to be successful or innovative.
The third section of this report is a matrix that summarizes all the successful policies and measures
identified in the first section, providing users with a menu of options so that they can easily compare
options and make choices sector by sector.



2. Scope and Indicators

China’s announcement of a national carbon intensity goal in December 2009 focuses on carbon dioxide
(CO,). China also initiated a low-carbon pilot cities program in 2010. The National Development and
Reform Commission (NDRC) issued a policy Notice of Pilot Work of the Development of Low Carbon
Provinces, Autonomous Regions and Low-Carbon City in 2010 (NDRC 2010). Regarding low-carbon
development in China, the Chinese government announced a policy Notice of Piloting Low-Carbon
Provinces and Low-Carbon Cities for establishment of low-carbon cities and selected five provinces and
eight cities as pilots in August 2010 (NDRC 2010). The five provinces are Guangdong, Liaoning, Hubei,
Shaanxi and Yunnan; and the eight cities are Chongging, Shenzhen, Xiamen, Hangzhou, Nanchang,
Guiyang, Tianjin, and Baoding. The policy outlines the following activities:

1. Develop Low-Carbon Development Plan
Establish supporting policies to support low-carbon development
Establish low-emission industries
Establish GHG data collection and management systems

v W

Promote low-carbon/green lifestyle and consumption model.

As more attention is being paid to low-carbon cities and in response to the goal of reducing carbon
intensity by 40-45% by 2020 from the 2005 level, many other cities or counties are also following the
trend toward low carbon development. However, many of these so-called “low carbon” cities are
actually “high carbon” as no consistent definition, scientific scope, or indicators have been developed.
Some supposedly low-carbon cities built wide roads; although lined with beautiful trees, the roads
encouraged more vehicle use. Some cities excluded imported electricity from their carbon accounting.
Thus, it is important to clearly define indicators, standardize the development process, and indentify
policies, programs, technologies and measures that can be undertaken to realize carbon emission
reductions (or carbon intensity reductions) in participating cities.

Researchers inside and outside of China have also been developing low-carbon development plans for
cities in China, however, their definition, scope, indicators, and methodologies all vary significantly.
Some are addressing all GHG emissions; some are focusing on sustainability that has much broader
scope; some uses social development indicators to evaluate the low-carbon plans. This study focuses on
carbon, and defines a “low-carbon” city as a city that has low carbon emissions.” Therefore the report
gives guidance on the reduction of the two main carbon-based GHGs: carbon dioxide (CO,) and methane
(CH4),? as they are the CO, emissions are primarily from energy consumption of fossil fuels, as well as
from non-energy industrial processes (like cement production), and forest loss. Methane emissions arise

2 LBNL has designed a “Low-Carbon Indicator” for use in better defining “low-carbon” that uses information on energy use in
residential and commercial buildings, industry, and transport along with the carbon intensity of electricity production to rank
cities and provinces (Price et al., forthcoming).

* Note that a comprehensive emissions inventory would include all six greenhouse gasses recognized under the Kyoto Protocol:
CO,, CH,, N,O (from fertilizers and manure), SF¢ (from electrical systems, magnesium production), HFCs (refrigeration,

semiconductor manufacturing, aluminum smelting), and PFCs (aluminum and semiconductor production).
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from agriculture (especially rice production), animal husbandry, other land use, industry (e.g., coal-bed
methane), and waste decomposition.

Defining low carbon cities is challenging as there is not a single quantitative measurement of energy
efficiency or low carbon. An engineer may define it in a restrictive sense of equipment output, whereas
an environmentalist, social scientist or a politician may have a broader vision of low carbon
development. We often have to rely on indicators to measure the importance of the energy efficiency
and emission reduction measures. In general, the more the indicators decompose in detail, more clearly
we can assess the energy efficiency and take action. Indicators help to better understand and assess
how economic and technical driving factors, such as energy prices, gross domestic product (GDP) and
new technologies, shape energy use and ultimately carbon dioxide (CO,) and other emissions. Indicators
can be used for: (1) historical trend analysis, (2) benchmarking, (3) designing policy and monitoring
progress overtime, and (4) input to economic and technological models. This section’s overall objective
is to identify potential indicators that can be used to define a low carbon city, evaluate the progress and
success, as well as help cities to explore the gaps and potentials.

2.1. Identification of Indicators for Low Carbon Development in China

This work began with an effort to identify indicators that have already been developed and are
commonly used in benchmarking programs, inventories, and ranking systems around the world. Table 1
shows an example of the resources we have examined. The next step was to assess the availability of
data needed to determine metric development priorities. Berkeley Lab also determined the relative
importance of different potential categories, as well as examined the adaptability to China.

Indicators can track information at the macro-level (aggregated indicators) as well as at the
disaggregated level. A macro-level indicator can give an overall sense of a city’s energy efficiency, or to
what extent a city is low carbon. In aggregated indicators, physical, structural and behavioral influences
are not isolated. In contrast, n disaggregated sectoral level indicator can provide far more information
and can serve as the foundation for future planning and actions. Figure 1 shows how detailed data and
aggregated indicators can be used (Schipper et al. 1997). However, the indicators chosen also need to be
based on data availability. In developing countries such as China, data availability is particularly an issue
due to the lack of survey mechanisms and the lack of transparency.
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Figure 1. Energy Efficiency Indicator Pyramid

Source: Schipper et al. 1997

The main source of data for the macroeconomic indicators such as population, households, and GDP is
national and local government statistics, which often includes some sectoral indicators and energy
indicators as well. The energy data pertaining to energy balances come from the energy supply
industries (including importers), and are often reported in the Energy Statistic Yearbooks. Tracking data
on energy production is relatively simple, but trying to track the energy consumption at the end use
level is a lot more challenging. Nonetheless, some of these data such as electricity use, gas use, or water
use can also be collected through local utilities. Sectoral energy consumption is also available in the
statistics, but it needs to be adjusted as energy used by employees in industrial companies for
residential and transport purposes are accounted in the industry.

Besides statistics, representative sample surveys are often used to construct databases for indicators as
they can provide details on how the energy is consumed at the end use level that energy supply data
would not. Surveys are based on a scientifically selected random sample from a population. Population
data are obtained by extrapolating the sample size to the total population. Often census data are used
as a reliable surrogate for extrapolating survey data to national statistics. In many cases, such surveys
have already been carried out at various research institutes, academia and industrial associations.
However, they are very much disperse, therefore efforts in literature search and information
aggregation will be necessary.



In some cases, when neither statistics nor survey results exist and effort for carrying out such work is too
daunting to achieve, expert judgment maybe applied to provide reasonable estimates based on their
experience and expertise in one field. However, this may lead to some uncertainties that can be
estimated by giving a range of possible errors that bound the sensitivities. Nonetheless, this approach
often proves to provide valid estimates as long as each step of the estimations performed are clearly
described in a most transparent manner as possible.

For this study, the following criteria have been used to identify the indicators that are recommended for
use in evaluating low carbon city development:

e Importance to carbon emission reduction

e Data availability

e Data that should/could be gathered and tracked

e Indicator could be ranked or assessed

Possible interpretations and actions following from each indicator.

China has committed to energy intensity targets for its Five Year Plans and a carbon intensity target for
2020, and these targets are being disaggregated to provinces, cities and counties. However, the targets
need to be further disaggregated by sector at the local level to evaluate the potentials, to develop
specific action plans, and to track trends in GHG emissions or energy consumption. These metrics, which
are designed to measure improvements in CO, intensity or energy efficiency independent of economic
growth or growth in production, use either an economic or a physical value for the denominator. For
example, the energy intensity of cement production can be measured as energy use per dollar of value
added by the cement industry (economic metric) or energy use per ton of cement produced (physical
metric).

Economic metrics are typically used when aggregating across heterogeneous entities that do not
produce comparable products (e.g. the entire manufacturing sector). Physical metrics are typically used
to compare entities that have similar production outputs. Recent analyses have shown that there is
great variability such as structural and activity effect in economic metrics and that metrics ba